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B = {x ∈ S : φ(x) ≥ λB} .
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f(Xn) 1(Tn ≤ T ) = f(Xt , Tn−1 ≤ t ≤ Tn) 1(Tn ≤ T ) .
¥ gr` p UcZa`m^]^`cmEgzSXZr¶TZbe[/UX`cgTsT]ntZUcu^ZNgreg}be[  [^giU p Ucbgz[
(X0, · · · , Xn) = (X0, (Xt , 0 ≤ t ≤ T1 ∧ T ), · · · , (Xt , Tn−1 ∧ T ≤ t ≤ Tn ∧ T ))
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¶/Z p `cZq[^g} p ¢nZUcgSVU p UcZUXunZqgreeg}b[ 
¥ ZaQR[^Y p [T§R¨ p tl`cZam^`cZ8SXZa[/U p UXbegr[gr	Ucu^Zd/] p [/Ucb®UcbZ-S : Hr¡DH = ¡
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P(Tn ≤ T ) = E(
n∏
k=0
gk(Xk)) = γn(1) .
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f ∈ Bb(En+1) 
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E(f([Xt , 0 ≤ t ≤ Tn]) | Tn ≤ T ) =








>\unZNSVUX` p b  u/UXgr`c p `cs(gz`XY$]^ p
P[Tn ≤ T ] =
n∏
k=0
P[Tk ≤ T | Tk−1 ≤ T ] ,
unbetvu©SVu^g}qSu^g}Ucu^Z&zZa`cQ¬SVY p em^`Xgz¢ p ¢nbeb®UjQ­gr p ` p `cZZ8rZa[/U(t p [ ¢ZªsTZ-tgrY(mEgzSXZ8s¬be[/UXgLUXu^Z
mn`XgTsT]ntUAgi+`cZ p SVgz[ p ¢^eQSXY p e¢^]TU[^giUlUXgRgSXY p e	tgz[nsTbUXbegr[ p ·m^`cgr¢ p ¢^bebUXbeZ8S8¶nZ p tvuªgi+u^btvuMtgz`V¸






p [nsbee/mn`Xg}RbsTZUcu^Z¢ p SXbeSgr`0UXunZZFtabZ8[/U0[R]^Y(Za`cbt p  p mnm^`Xg TbeY p UXbegr[be[$UXZa`cYSgr p [$b[/UcZa` p tUcb[ 
m p `XUXbteZNSXQTSjUcZaY¤¡ >\u^Z-SVZtagr[ns^b®Ucbgz[ p m^`cgr¢ p ¢^bebUXbeZ8S p `cZ[ngiUq R[^g}[b[ p s^ p [ntZz¶ p [s p `XZNeZ p `X[^Z-s
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ZsTZ-SVb  [ p tgzeZ8tUXbegr[6gi:¢^` p [ntvu^be[ p [ns$be[zUcZa` p tUXbe[  m p `XUXbteZSVQTSVUXZaYS
p m^m^`cg TbY p Ucb[  Y(gTsTZaSlgr`SXgre/be[ p& Za[^Z8` p 0ta p SXSgr ¥ Z8QR[^Y p [R§T¨ p tY(gTsTZ8eS8¡ >\unZ8SXZ6m p `XUXbteZ
UcZ8tvu^[nbed/]^Z-St p [¢ZN]nSXZ8sUXg(SXgrerZlUXu^Zgr`cY]n p Zlm^`cZ8SXZa[/UcZ8sbe[ >\u^Zagz`XZ8Y Hr¡DHr¡  ZB8n`vSVUgTt]S\gr[ p
SXbeY6mnZNY]^U p Ucbgz[}SXZaeZ8tUXbegr[  Z8[^ZUcbet p   gz`XbUXunY¡
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`XgzYUXu^ZSXZUqgr	Y(Z p SV]n`XZ-S














`cZam^`cZ8SXZa[/UUcu^Z £5p `c rg}¬Uc` p [nSVbUXbegr[SgiUcu^Z­tvu p be[
Xn
¡ >\u^Z











Ψn(η)(f) = η(f gn)/η(gn)
>\uR]nS\ZSVZ8ZUXu p UUXu^Z`cZ8ta]^`cSXbegr[ :2^¡DH = be[/zgrerZ-SôUjgSVZ8m p ` p UcZSXZaeZ8tUXbegr[ Y]TU p UXbegr[Uc` p [nSVbUXbegr[S
ηn ∈ P(E)  
  	

−−−−−−→ η̂n = Ψn(ηn) ∈ P(E)
  	

−−−−−−→ ηn+1 = η̂n Kn+1 ∈ P(E)
:2^¡Ê =










?¹[Ucu^Z8SXZN[^giU p UXbegr[S\ZN`cZ p s^beQgr¢SVZ8`XzZqUXu p U
γn(gn) = P(Tn ≤ T )
p [ns
η̂n(f) = Ψn(ηn)(f) = E(f(Xt , Tn−1 ≤ t ≤ Tn) | Tn ≤ T )
>\unZ  Za[^ZaUXbt&UjQ/mEZ
N
§Rm p `XUXbteZSXQTSjUcZaY p SXSXgTtb p UcZ8sbUXu p [ p ¢SjUc` p tUY(Z p SX]^`cZ& p ]^Z-s mn`XgTtZ-SXS
grUXu^Zgr`cY :2^¡DH = beSUXu^Z £Mp `c rg}Ltvu p be[
ξn = (ξ
1
n, · · · , ξNn )
U p  Rbe[   p e]^Z-S p U$Z p tvu­UXbeY(Z
n
be[
Ucu^Zªm^`cgTsT]ntUSVU p UXZMSXm p taZ8S
EN ∪ {∆} u^Z8`XZ ∆ SjU p [ns^Sgr` p tZ8Y(ZUXZ8`XQ gr`tagF[ mEgrbe[/U8¡ ?¿UcSUc` p [nSXb®Ucbgz[nS p `XZsTZ8n[^Z-s p Sqgreg}qS8¡ ¥ gz` p [/Q¤tgz[ 8  ]^` p UXbegr[
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Ucu^Zªm p `VUcbetaZ p   gz`XbUXunYbeSSVUXgzm^mEZ8s p [ns©ZªSVZaU
ξn+1 = ∆
¡ >\unZªb[^bUXb p lSVQTSVUXZaY giNm p `XUXbteZ8S
ξ0 = (ξ
1
0 , · · · , ξN0 )
tagr[nSXbSjUvSbe[
N






i = 1, · · · , N `cZamn`XZ-SVZ8[zUvSUXu^Z p ¢Z8·giUXunZm p `XUXbteZ p [nsUcu^Zm p ` p Y6ZaUXZ8`
N
bS\UXu^ZSXbDCaZNgi	UXu^ZSXQTSjUcZaYS p [ns&Ucu^Zm^`cZ8tbSXbgz[gi0UXunZ p   gr`cbUXu^Y¤¡
 ZRUZMs^Z8Sct`cb¢EZ¤b[ Y(gr`cZªsTZU p beeS(Ucu^Z  Z8[^ZUcbetZ8rgre]TUcbgz[ grlUcu^Zªm p UcuT¸¿m p `XUXbteZ8S8¡#kUUXu^Z
UcbY(Z
n = 0
UXu^Zbe[^bUXb p tagr[ 8  ]^` p UXbegr[¦tgz[nSVbSVUcSb[
N
b[sTZamEZa[ns^Za[/U p [nsLbsTZa[/UXbt p eQ5sTbSVUX`cb¢^]^UXZ8s
S










u ∈ S ¶zZAY p Q(sTbSXt p `vs6UXu^ZNSVZ8Z-tUcbgz[ p UôUcbY(Z n = 0 p [nsSVZaU ξ̂i0 = ξi0
gr`Z p tvu
1 ≤ i ≤ N ¡?¿0Z]nSXZUXu^Ztgz[RrZa[/Ucbgz[




T i0 = T̂
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0 = 0




















−1 ≤ t ≤ T̂ i0)







¡ AUcu^Za`cbeSXZsT]^`cb[  Y$]TU p UXbegr[·¶	b[sTZamEZa[ns^Za[/UXeQ5grZ p tvu¦giUXunZa`-¶·Z p tvu¦SXZaeZ8tUXZ8s





n ≤ t ≤ T̂+,in )
Z8rgzzZ8SN` p [nsTgzY(Q p tatagr`vsTb[  UcgªUXunZ £Mp `c rg}¤Uc` p [nSXb®Ucbgz[
Kn+1










n+1 ≤ t ≤ T+,in+1)










¡ ¥ gz`ôZ p tvum p `VUcbetaZ
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¶ p [nsªeZUb®UNZazgrerZ` p [sTgrY(eQ p S p tgrmRQ
{ξin+1(s) , s ≥ T−,in+1}





T+,in+1 = inf {t ≥ T−,in+1 : ξin+1(t) ∈ Bn+1 ∪ R},
be[ªt p SVZgi p `XZ-t]^`c`XZ8[/U\SXZUUcg6¢EZ p rgzbes^Z8s¶Rgr`
T+,in+1 = T ∧ inf {t ≥ T−,in+1 : ξin+1(t) ∈ Bn+1},
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ξn+1 → ξ̂n+1
beS	sTZ8[^Z8s p SEgreg}qS8¡ ¥ `cgrYBUXu^Zôm^`XZ8Rbgz]nS:Y]TU p Ucbgz[
Uc` p [nSXb®Ucbgz[&ZNgr¢TU p be[
N





n+1 ≤ t ≤ T+,in+1)
l[nQSXgrY(ZAgrUcu^Z8SXZlm p `XUXbteZlu p zZlSX]ntataZaZ-sTZ8sUXg6`XZ p tvuUcg6sTZ-SVbe`cZ8sSXZU
Bn+1
p [nsUXu^ZNgrUXu^Z8`gz[^Z8S
u p rZ6 p beZ-s¡  ZsTZa[ngiUXZ¢RQ
INn+1
UXu^Z p ¢Z8eSgi\UXu^Zm p `XUXbteZ8Su p /be[  SX]ntataZaZ-sTZ8sLUXg5`XZ p tvu¦UXu^Z
(n + 1)
¸3UcueZazZa
INn+1 = {i = 1, · · · , N : ξin+1(T+,in+1) ∈ Bn+1}
?¿
INn+1 = ∅
UXu^Z8[¤[^gr[^ZgrUcu^Zm p `XUXbteZ8S\u p rZNSV]nt8tZ8Z8sTZ-sUcg`XZ p tvuUcu^ZsTZ-SVbe`XZ-seZazZaI¡PRb[tZ



















¸Im p `XUXbteZY(gRs^ZaS :
2n¡ 2 =p [sS:




n+1, · · · , ξ̂Nn+1)
tagr[nSXbeSVUcSbe[
N
be[nsTZ8mZ8[nsTZa[/U :  bzZa[Ucu^Zlm p SVU]^[/UXbeEUXu^Zl p SjU

































n+1 ≤ t ≤ T+,in+1)
?¹[SXbY(m^eZgr`vs^S8¶aZsT` p 5UXu^Z8Y ]n[^b®gz`XY(eQ p Y6gz[  UXu^ZSV]ntaZ8ScSj]nimnbZ-tZ8S·gi/UX` p hjZ8tUXgz`XbeZ8S {ξin+1, i ∈
INn+1}
¡
   	  	    
klSY(Za[/UXbegr[^Z-s p ¢g}zZôUcu^Zqtvu^gzbetaZgrUcu^Z
N
¸Im p `XUXbteZ p m^m^`cg RbeY p Ucb[  Y(gTsTZaTgr :
2n¡H = beS[^grU]^[^bd/]^Zr¡
6Z8g}¶RZmn`Xgzmg/SVZ p [ p UXZ8`X[ p UXberZNSXtvunZaY(ZNu^betvu¤tgz[/U p be[nSbe[¤SXgrY(ZSXZa[nSXZNZ-SXS` p [nsTgzY([^Z8ScS  I¡
>\unZA rZ8Q(besTZ p bSUcg[^grUXbtZAUXu p UUcu^ZA]^m:s p UXbe[  Y p m^m^be[ 



















′) = (1 − gn(x)) Ψn(η)(dx′) + gn(x) δx(dx′) ,
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unZa`cZ
gn(x) = 1(gn(x) = 1)
= 1(x ∈ g−1n (1)) ,
p [ns&u^Za`cZ
g−1n (1)















(η Sn(η))(f) = Ψn(η)(f) (1 − η(gn)) + η(f gn) = Ψn(η)(f) ,




¶nu^btvu¤m^`Xg}zZ8S :2^¡   = ¡ ?¹[¤UXu^bS[^grU p Ucbgz[·¶
:2^¡DH = t p [&¢EZ`cZa`cb®UXUXZa[ p S
ηn+1 = ηn Kn+1(ηn) ,











>\unZ p UXZ8`X[ p UXberZ
N
¸¿m p `XUXbteZY(gTsTZa p ScSXgRtab p UXZ-s¤b®UcuMUXunbeS[^Z8wsTZ8Sct`cbemTUXbegr[MbSsTZ8n[nZ8s p SA¢EZgz`XZ
¢RQ`cZamn p tbe[  :2^¡ 2 = ¢RQ
















Zu p zZgr` p [RQªt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>\uR]nS8¶TZSXZaZUXu p U\UXu^ZNUc` p [nSXb®Ucbgz[
ξn → ξn+1
giUcu^ZNgr`cY(Za` £Mp `X zg}6Y(gTsTZ8eS\SXm^bUcSq]^m&be[/UXg6Ujg
SXZam p ` p UXZ  Z8[^ZUcbetlUjQRmEZY6Z-tvu p [nbeSXYS
ξn ∈ EN ∪ {∆}  
  	

−−−−−−→ ξ̂n = (ξ̂in)1≤i≤N ∈ EN ∪ {∆}
  	

−−−−−−→ ξn+1 ∈ EN ∪ {∆}
6Qtagr[nSVUX`c]ntUXbegr[ZN[^grUXbtZUXu p U
ξn = ∆ =⇒ ∀p ≥ n ξp = ∆
p [ns
ξ̂p = ∆















n ≤ t ≤ T̂+,in ) ∈ D([T̂−,in , T̂+,in ], S) .








`cZamn`XZ-SVZ8[zUUXunZ#8`cSVU p [ns& p SjU\UcbY(ZNgi0UXu^Z
tagr`c`XZ-SVmEgr[sTb[  m p UXunS8¡
?¹[UXunZ p UXZa`c[ p UXberZY6gTsTZ8 :





n+1 ≤ t ≤ T̂+,in+1)
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u^Za[LUXu^Z6m p `VUcbetaZ$u p S[^grUNSX]ntataZaZ-sTZ8s¤Ucg&`cZ p tvu
Ucu^Z
(n + 1)
§/UXu¤Z8rZ83¡ ?¹[UXu^bSqt p SXZ
ξ̂in+1
bStvu^gzSXZa[` p [nsTgzY(Q p [ns]n[^b®gz`XY(eQbe[UXu^ZSXZU
{ξjn+1 : ξjn+1(T+,jn+1) ∈ Bn+1} = {ξjn+1 : j ∈ INn+1} ,
gr p e:m p `XUXbteZAu p Rbe[  SX]ntataZaZ-sTZ8s(Ucg$Z8[/UXZa`be[zUcg
Bn+1
¡ ?¹[giUcu^Za`gr`vs^SZ p tvum p `VUcbetaZlu^btvusTgRZ8S
[ngiUZa[/UcZa`be[/UXg¤Ucu^Z
(n + 1)





































§/m p `VUcbetaZ p m^mn`Xg TbeY p UXbe[  Y(Z p SX]^`XZ-S
γNn
































n ≤ t ≤ T+,in ) .
>\unZ p SXQRY6m^UXgiUcbetN¢EZau p /begr` p S
N → ∞ giUXunZb[/UcZa` p tUcb[  m p `XUXbteZY(gRs^ZaZu p zZtgr[SjUc`X]ntUXZ-su p SN¢EZaZa[SVUX]sTbZ-s­b[­Y p [RQLgz`X TS8¡  Z`cZZ8`NUXu^Z`XZ p sTZ8`lUcgªUXunZSV]^`crZ8QMm p mZ8` Ê| be[LUcu^Zt p SXZ
grSVUX`cbtUXeQmEgzSXb®UcbzZmgrUXZ8[zUcb p eS
gn
p [s   ¶Ey·gz`[^gr[¤[^Z zp UcbzZNmgrUXZa[/Ucb p eS8¡ ¥ gz`\UXu^Ztagr[RrZ8[^beZa[ntaZ
grUcu^Z`XZ p sTZ8`\ZNu p zZNtvungzSXZa[Ucg(m^`XZ-SVZ8[/UUcu^ZbeY6m p tUqgr0SXgrY(ZNZTmEgr[^Z8[zUcb p  p [ns
Lp
¸IY(Z p [Za`c`Xgz`
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0 ≤ n ≤ m + 1   $%A 10"Q   A	+0 + cn
 +	    $A .
N ≥ 1
P(τN ≤ n) ≤ cn exp (−N/cn) .






E(γNn (gn) 1(τN > n)
) = P(Tn ≤ T )
 $ 	 
p ≥ 1    (
(E| γNn (gn) 1(τN > n) − P(Tn ≤ T ) |
p)1/p ≤ ap bn/
√
N ,
$	SQ   B	+0 +
ap < ∞ 
 
	  +/.@ 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n 
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f ∈ Bb(E)
     ‖f‖ ≤ 1
(E| η̂Nn (f) 1(τN > n) − E(f(Xt , Tn−1 ≤ t ≤ Tn) | Tn ≤ T ) |
p)1/p ≤ ap bn/
√
N .
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¢RQSXZUXUXbe[  gz`AZ p tvu
x = (xr , s ≤ r ≤ t) ∈ D([s, t], S)
b®Ucu




b® |t − s| ≤ u
0




u → Ψn(ηn)(f (u))







(u)) = P(Tn − Tn−1 ≤ u | Tn ≤ R)
































P(Tn ≤ T |Tq = t, XTq = x)
P(Tn ≤ T |Tp ≤ T )
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n+1(1) − P(Tn ≤ T )
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N(0, σ2n)
    
σ2n = P(Tn ≤ T )2(an − bn).
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P(Tn ≤ T |Tp, XTp)








P(Tp ≤ T |Tp−1 ≤ T )
− P(Tp ≤ T |Tp−1 ≤ T )
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P(Tn ≤ T |Tp, XTp)
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Qn+1(x0, · · · , xn, dx′0, · · · , dx′n, dx′n+1) = δ(x0, · · · , xn)(dx
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0, · · · , dx′n) Kn+1(x′n, dx′n+1)
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√
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f (u)n (x0, · · · , xn) = f (u1)(x1) · · · f (un)(xn)
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(x2+y2) [ D−ν(−x)D−ν(y) − D−ν(x)D−ν(−y) ] ,
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p [s¤U p  rZ
Bj = (bj , +∞)
¡B?¹[5gr]n`lSXmZ-tb p 























¡  grUXZlUXu p UUcu^Zlmn`Xgz¢ p ¢^beeb®UjQ(giUcu^Z
N
§/m p `VUcbetaZ
tagz]nsUXg¢Z$ /beeZ-s¤¢Zagr`cZ`XZ p tvu^be[ 
b+
bS




bSqS p Q p `  Za`UXu p [
1/2
¡ ¥ `XgzYUXu^bSZSVZ8ZNUXu p U p( gRgRs
SVUX` p UcZ  Q&bSqUcgY p  zZY p [RQ`X]n[nSAgrôgr]n` p   gz`XbUXunYgz[ p SXY p e	[R]^Y$¢Z8`lgrôm p `XUXbteZ8S8¶Eb[nSVUXZ p sªgr
gz[^eQ p Za`c]^[nS0gz[ p  p `  Z[R]^Y$¢Z8`gi^m p `VUcbetaZ-SE:Ïgr[Ucu^Z\S p Y6Z`X]n[·¶ p erUcu^Z  Za[nZa` p UXZ-sNUX` p hjZ-tUcgr`cbZ-S
p `XZgr¢RRbgz]nSXQSVUX`cgr[  Qtgz`X`cZa p UcZ8s = ¡kqeRUXunZ\tagr`c`XZ-SVmEgr[sTb[   p e]^Z8S
bj
p `cZôZ p SVbeeQtgrY(m^]^UXZ8s]nSXb[ 
ZTm^`XZ-SXSXbegr[nS p SUcu^Zgr[^Zbe[Z8d/] p Ucbgz[ :3^¡Ê = ¡
?¹[ ¥ b  ]^`cZq^¡ p ` p ¢^bt R8  ]^`cZ\ZqSXZaZUcu^ZZTmEZ8tU p Ucbgz[
E[τ | Xτ = b+]




¡S>\u^Z(¢^e]^Zt]^`crZ6beSUcu^Z[R]^Y(Za`cbet p eQMtagrY(m^]TUcZ8s5UXu^Z8gr`cZUcbet p + p e]^Zr¶ p [ns5UXu^Z(`cZ8s¦t]^`crZ

















¡ >\u^bSY(Z p [nSUXu p UUcu^ZAm^`cgr¢ p ¢^bebUjQ6gr`ôUXu^Zm^`cgRtaZ8ScSôSVU p `VUcZ8s p U
x0 = 0.1
Ucg`cZ p tvu(UXu^Z
s^Z8SXb`cZ8s(eZazZanbS p m^m^`cg TbY p UcQ
1.6460× 10−08 ¶RSVgUcu^Za`cZAbS[ng p Qgi·SXbY$]^ p UXbe[  UX` p hjZ8tUXgz`XbeZ8S¢RQUcu^Z[ p bzZ p m^m^`cg p tvu¡
kA[^giUcu^Za`+Z p Y(m^Z-Sgr` p `cZôZ8rZa[/UvS·gz`s^b :]nSXbgz[nSY p Q¢EZgr]^[sbe[6kAes^gr]nS DH ¿¶iu^btvum^`cZ8SXZa[/UcS
pMf gzbeScSXgr[¬te]^Y(m^be[  u^Z8]^`XbSVUXbt p SZae p S[R]^Y(Za`cgr]SZ p Y(m^eZ8S p [ns­`cZZ8`XZ8[ntZ-Sa¡ ¥ gz`be[nSjU p [ntaZr¶
gzeg}be[  Hi¶+PRZ-tUXbegr[J?0H H ¿¶·ZaUtgz[nSVbsTZ8` p sTb :]nSXbgz[­b[
R
d SVU p `VUcb[  `cgrY 0 b®UcusT`Xb U µ(x) =




p [sªSV]ntvu¤Ucu p U











SVU p UXbegr[ p `XQs^beSVUX`cb¢n]TUXbegr[
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0 < ρ1 < ρ2 < · · ·
¡qZ8`XZ
H
u p SlUjg&Y6be[^beY p gz[
∂B


















>	g p s p mTU\UXu^bS\Z p Y(m^eZUXg6UXunZlgz`XY p bSVY¤¶Rbe[zUc`XgTsT]tZ8s&m^`cZaRbegr]nSXQz¶RZSXb  u/UXeQY(gTsTb®Q&b®U¢RQ
tagr[nSXbsTZa`cb[  UXunZ@8n`cSVUZTbUUcbY(Z(`cgrYUcu^Z¢ p e
B






SVY p eI¡B>\uR]nS8¶:Z6SV]nm^mg/SVZ$UXu p U
R
d












¡">\unZm^`XgTtaZ8ScSNbeô¢EZ RbeeZ8s p SSXgRgr[ p Sb®Uunb®UvS
∂Bε
¡"6QLtgz[nSXbesTZ8`Xbe[ ªp m p `VUcbetaZSXQTSjUcZaY
p   gr`cb®Ucu^Y p [s p6 Za[^Z p eg  bt p Y(gTsTZ83¶ p [&Z-SjUcbY p UXbegr[¤gi	UXu^ZB8n`vSVUqZTb®U\UcbY(Z¢EZgz`XZN`cZUX]n`X[^be[  be[
Ucu^ZN[^Zab  uR¢Egr]^`cu^gRgTsgrUXunZgr`cb  b[ p [ns&gi	UXu^ZsTbSVUX`cb¢^]^UXbegr[giUcu^Zm^`cgTtZ8ScSsT]^`cb[  bUcSZ^t]^`vSVbegr[S
SXu^gz]^es&¢EZgr¢TU p be[^Z8s¡
?¿Uqbe p SVg6¢Zbe[/UXZ8`XZ-SjUcb[  UcgSjUc]nsTQUcu^Z¨N` p Y(Za`vSZ-d/] p Ucbgz[
{
dXt = Vt dt
dVt = −H ′(Xt) dt − γ Vt dt +
√
2 γ dBt
?¹[ Hz¶TPTZ8tUcbgz[ ?0H 2I¶zUXunZAu^Z8]^`XbSVUXbtqY p Q(¢Z p m^mnbeZ8s(gz`SXY p e p [ns p `  Zqtag/ZFtbeZa[/UcS
γ
¶R¢^]TUb®U\bS p
u p `vs&mn`Xgz¢^Z8Y«UcgS p Q&u^btvuªgiUXu^Z-SVZ¢Z8u p Rbgz`cSsTgzY(b[ p UXZ-Sb[ p SVmEZ8tabM8t[^gr[T¸ p SXQRY(mTUXgrUXbtt p SXZr¶
unZa[ntaZlUcu^ZSXbY$]^ p UXbegr[ p m^mn`Xg p tvu·¡
Ü	Ü ß-T 3X÷*X




H  $¡^kqsTgz]nSa¡  $%   / . ,  $%  
	S 
  (
S    1    	  G   $010 
	¶Tzgre]^Y(Z|z|
grQ,  /
S   	S 
	  	
	¡ôPRm^`cb[  Za` +Za`c pi ¶ H-r{z




   $ 	  a¡f `Xgz¢ p ¢^beeb®UjQ p [nsb®UvSkqm^mnbt p UXbegr[nS8¡+6b`c Rui]SVZ8`8¶ 6 p SXZaI¶H8rz^¡
 2¡ k¡R6]tv /eZa¶   + $% +	 
   $%$%J(+ 0
	  
n¶ PRmn`Xbe[  Z8`PRZ8`XbeZ8Sb[ P/U p UXbSjUcbet8Sa¶
PTm^`Xbe[  Za`X¸ +Z8`X pi ¶  Zagr`c E¶nrr   ¡
    ¥ ¡ ; _a`cgr]¶ f ¡ AZ8 £ gr` p  p [ns ¥ ¡ 5 Z  p [ns¶R D%
	  $%0R  . 	S@	 	S
        	 S$ 	 	@
}¶ f `XZ8m^`Xbe[/UAir/T¡
 y f ¡ AZ8 £ gz` p 3¶n¡ p tgTs p [ns f u·¡ f `cgiUXUXZa`-¶A>\u^Z £ gz[zUcZ¸ ;p `cg¤Y(ZUcu^gTs¦gr` 8®UcZa`cb[  bUXu
s^beSct`cZUcZ¸IUXbeY6ZNgz¢nSVZ8`X p UXbegr[nS8¡  $%   / .   $0. !#   
v¶nrgrI¡H-r^¶R[^gn¡ 2n¶ 2   }§
2zr{ :3rr+H = ¡
  f ¡ lZa £ gr` p I¶ £ ¡ k¡i¨Agz]^`XbU%C8b[ p [ns 5 ¡ £ btegn¶ l[ p t p ScSgrEsTbSXta`XZaUXZ  Z8[^Za` p Ucbgz[b[/UcZa` p tUcb[ 
m p `XUXbteZNSXQTSjUcZaYS8¡E&)	 $%+
	G $0   $   /  .}¶zgrI¡^^¶T[^g¡ H8^¶ H§Tr^¶^iz Hr¡
Ê| f ¡	lZa £ gr` p  p [ns 5 ¡ £ btegn¶7$	   G   + $% 	  P  $0
	0.*  	O   $%  
	S 
+
   . 	@  	 $ 	         /
	 
+#  / $ Q/ $0 P0PR_aY(be[ p be`cZqsTZ f `cgr¢T¸p ¢^bebUX_-S#? ¡ 5 Z8tUX]^`cZ  giUcZ8S(be[ £Mp Ucu^ZaY p Ucbet8S  gn¡ HD|ir^¶¡kC8_aY p ¶ £ ¡Y(Za`cQr¶ £ ¡
5 Z8sTgz]¶ £ ¡gz`: ôs^S8¡ = ¶nmnm·¡ H§H   yT¶Tirz^¡
 { f ¡ lZa £ gr` p  p [ns 5 ¡ £ betag¶ Za[^Z p eg  beZ8S p [ns be[nt`cZ p SVbe[  m^`cgrm przp Ucbgz[nSgr6tvu p gzSgr`
¥ ZaQR[^Y p [T§R¨ p t p [s  Za[^ZaUXbtY6gTsTZ8eS8¡ ,#+ #,  /
  $   /  .}¶zgrI¡H Hr¶T[^g¡   ¶ H H8r}§
H H8z{ :Iir+H = ¡
  f ¡  p SXSXZa`cY p [·¶ f ¡ qZabsTZ8¢EZa`  Z8`8¶ f ¡PRu p u p ¢^]nsnsTb[ p [ns >N¡ p hjbti¶ £ ]^®UcbeZazZaNSVmnbUVUcb[ 
gz`$Z-SjUcbY p UXbe[  ` p `cZZarZ8[/U$m^`cgr¢ p ¢^bebUXbeZ8S8¡!  $% 
+ ! $%	  ¶+zgrI¡   |T¶	[ngn¡   ¶yi{/yD¸¹rrn¶
z]^eQ/¸¿kA]  ]nSVU H8zr^¡
DH8Nk¡ 5pr [^gz]¡ oqp `cZlZ8rZ8[zUqSXbY$]^ p UXbegr[¡  &   ¶^rgz3¡nr^¶T[^g¡ Hr¶   y-§Rz:Iirz = ¡
DHH PTu p [T¸ehjbeZ" Eu p [ ¤p [ns#rb p [^Y(be[  rbe[·¶  	    
     	
   	 
 ¡$zgru^[  beZaQ#%
PTgr[nS8¶  Z8&gz`X :¶ H8zrn¡
DH-'¡^¨N`cQRSVUX]n p [ns ¡ k¡ f ¡+6egrY¤¶    ++ 
    $0  
	  
  !#$%#&)(*+  $% )(
 /  .     	  0
	' . $0
  .*0  	 v¶be[ f `XgTtZ8Z8sTbe[  Sgi0UXu^ZH8}Ucu ? ¥ k ;  gr`cs ; gz[  `cZ8ScS8¶
rr/yT¡
DH 2B6¡Q>	] F[ p [ns ¨(¡ P:¡Q>	`cbzZ8sTbI¶   	  	S  
   
	  $0 	  M   PJ 	  +  +0   *(
 	  *0
	   $0 +	+  >   5 P  r ; grY(m^]TUcZa` f Z8`Vgz`XY p [ntZ p ] p UXbegr[·¡ £ gTsTZaeeb[ 
>	Z8tvun[^bed/]^Z-S p [ns">gRgzeS8¡ 5 Z8tUX]^`cZb[ ; grY(m^]TUcZa`qPTtabZ8[ntZ  g¡HD|}{z^¶G6¡ o ¡  p `XzZa`c rgr`XU8¶ ¡ ; ¡





DH    £ ¡ lbee_a[T¸¹kqU p Y6be` p [^g p [ns ¡ Abee_a[T¸¹kqU p Y(b` p [^g¶<! &   , !   , 	S   $		$  P
$$%A(*+'0
	   
+

?¹[ H2}Ucu ?¹[zU-¡ >	ZaeZUc` p Ft ; gr[  `XZ-SXS8¶ ? > ; H2 :l]nZa]^Z8b[  ¶ f Z8`Vgz`V¸
Y p [ntZ p [ns ; gz[/UX`cgr:b[ªk-> £= ¶^m^m·¡:|GH§n|}n¶ ; gzmZ8[^u pr Za[¶ lZa[nY p `X :¶ H-r H
Ü	Ü ß-T 3X÷*X
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)  	


  
ISSN 0249-6399
